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(54) Method and apparatus for detecting friction coefficient of road surface, and method and system for 
four-wheel steering of vehicles using the detected friction coefficient of road surface. 



(57) An method for detecting a friction coefficient (p) of the road surface according to the present 
invention comprises a detection step of detecting an operating angle (6 H ) of the steering wheel (4) of 
the vehicle, a vehicle speed (V) and an operating pressure (A P) of the hydraulic power steering unit (1) for 
the front wheels (FW), and a calculation step of calculating the friction coefficient of the road surface on 
turning of the vehicle by considering relationships among a slip angle (3 f) of the front wheel, the 
friction coefficient of the road surface and a cornering force (C F ) of the front wheels. The method 
according to the present invention further includes a step of prohibiting the execution of the calculation 
step when the steering wheel is turned back, whereby the calculation step is executed only when the 
direction of the operating pressure of the power steering unit is in the equiphase with the operating 
direction of the steering wheel. Also, the four-wheel steering system according to the present invention 
has a rear steering actuator (11) for steering the rear wheels (RW) so as to increase the steering angle of 
the rear wheels as the friction coefficient of the road surface calculated by the above-described method 
decreases. 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

Firstly, the preset invention relates to a method 
and an apparatus for determining the ease of slip on 
road surfaces on running vehicles, that is, for detect- 
ing the friction coefficient of road surface. Secondly, 
the present invention relates to a method and a sys- 
tem for four-wheel steering of vehicles in which the 
steering of rear wheels is controlled by using the 
detected friction coefficient of road surface, when the 
front wheels of vehicle are steered. 

Description of the Related Art 

The method for detecting the friction coefficient of 
road surface and the method for four-wheel steering 
of vehicles have been disclosed, for example, in 
Unexamined Japanese Patent Publication No. 60- 
1 48769 (US 4,964,481 , DE 3,500,797. GB 2,1 53.31 1 , 
FR 2,558.130). According to the former method of 
these two known methods, the friction coefficient of 
road surface is detected on the basis of the operating 
angle of steering wheel of vehicle, the vehicle speed, 
and the lateral acceleration acting on the vehicle 
body. According to the latter method, the steering 
angle of rear wheels on vehicle is corrected in accord- 
ance with the friction coefficient of road surface detec- 
ted by the former method. 

The above-described method for detecting the 
friction coefficient of road surface will be explained 
below in more detail. First, the slip angle of front wheel 
is calculated from the operating angle of steering 
wheel and the vehicle speed. The slip angle corre- 
lates with the cornering force of front wheel, and the 
cornering force varies with the friction coefficient of 
road surface. Meanwhile, it is well known that the cor- 
nering force is proportional to the lateral acceleration 
acting on the vehicle body. If the operating angle, the 
vehicle speed, and the lateral acceleration are detec- 
ted, therefore, the friction coefficient of road surface 
can be calculated on the basis of the detection results. 

The lateral acceleration which the vehicle body is 
to be subjected during the turning of vehicle actually 
acts on the body only when some time elapses after 
the start of turning. Since the lateral acceleration acts 
on the vehicle body with a delay after the start of turn- 
ing of the vehicle, there is a delay in detecting the 
lateral acceleration of vehicle body. For this reason, 
the friction coefficient of road surface cannot be cal- 
culated quickly by the above-described method. 

The cornering force calculated from the lateral 
acceleration acting on the vehicle body is equivalent 
to the sum of the cornering forces generated on the 
front and rear wheels. When the friction coefficient of 
road surface is calculated on the basis of the corner- 
ing force obtained from the lateral acceleration, there- 
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fore, the slip angle of not only the front wheels but also 
the rear wheels should be taken into consideration. 
With the conventional method, in which the slip angle 
of front wheels only is taken into consideration, the 
5 friction coefficient of road surface cannot be exactly 
detected, resulting in poor accuracy of the detected 
friction coefficient of road surface. 

SUMMARY OF THE INVENTION 

10 

The first object of the present invention is to pro- 
vide a method and an apparatus for quickly and accu- 
rately detecting a friction coefficient of the road 
surface at the initial turning stage of vehicle. The sec- 
ts ond object of the present invention is to provide a 
method and a system for four-wheel steering of ve- 
hicle in which the steering control of rear wheels can 
be performed in an optimum manner when the front 
wheels are steered. 

20 The first object can be achieved by the method 

and apparatus for detecting a friction coefficient of the 
road surface according to the present invention, the 
method comprising: 

a first step of detecting each of an operating angle 

25 of the steering wheel of the vehicle, a speed of vehicle 
and an operating pressure of a hydraulic power steer- 
ing unit for the front wheels of vehicle, 

a second step of detecting a proper steering situ- 
ation in which a condition of increase in the operating 

30 angle of front wheels is satisfied during the operation 
of steering wheel, and 

a third step of calculating a friction coefficient of 
the road surface on the basis of the data detected in 
the first step only when the proper steering situation 

35 is detected. 

In the third step, the friction coefficient of road sur- 
face is calculated by using relationships of three con- 
ditions; firstly, a slip angle of front wheels is 
determined in accordance with the operating angle of 

40 steering wheel, the vehicle speed, and the friction 
coefficient of road surface, secondly, a cornering 
force of front wheels is determined in accordance with 
the slip angle and the friction coefficient of road sur- 
face, and thirdly, the cornering force is proportional to 

45 the operating pressure of power steering unit 

With the above-described method, in which the 
operating pressure of hydraulic power steering unit is 
used as a factor in proportion to the cornering force, 
the friction coefficient of road surface can be exactly 

so detected, its detecting accuracy being increased, by 
taking account of the operating pressure correspond- 
ing to the cornering force of front wheels only. 

The operating pressure of hydraulic power steer- 
ing unit is generated quickly at the initial turning stage 

55 of vehicle, in other words, at the start of operation of 
steering wheel, so that the friction coefficient of road 
surface can be exactly detected even at the initial 
turning stage of vehicle. 

3 
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Even though the operating angle of steering 
wheel is equal, the increasing and decreasing charac- 
teristics of operating pressure of hydraulic power 
steering unit differs greatly between the turning and 
turning back operations of steering wheel. For this 
reason, if the friction coefficient of road surface is cal- 
culated at all times when the steering wheel is oper- 
ated, a large error may be produced in the detected 
friction coefficient of road surface. According to the 
present invention, the friction coefficient of road sur- 
face is calculated only when the operating angle of 
steering wheel increases or is held at a predetermined 
angular position during the operation of steering 
wheel, so that a stable and reliable friction coefficient 
of surface road can be calculated. 

Preferably, the detected signal indicating the 
operating pressure of power steering unit may be fil- 
tered to compensate the advance in phase of operat- 
ing pressure in relation to the operation of steering 
wheel. The advance in phase of operating pressure is 
caused by the characteristics of a steering valve in the 
power steering unit and the inertia effect of front 
wheels. The filtering of the detected signal or the 
operating pressure further increases the detection 
accuracy of friction coefficient of road surface. 

The operating pressure of hydraulic power steer- 
ing unit is preferably detected as the pressure differ- 
ence between right and left pressure chambers in the 
power steering unit If the operating pressure of power 
steering unit is detected in such a manner, a discrimi- 
nation can be made whether or not the condition of the 
second step described above has been satisfied, that 
is, whether or not the proper steering situation has 
been detected, by taking account of a steering direc- 
tion of the front wheels corresponding to the acting 
direction of operating pressure and a steering direc- 
tion of the front wheels corresponding to the operating 
angle of steering wheel. 

Since the friction coefficient of road surface in the 
third step is calculated only when the proper steering 
situation is detected, the friction coefficient of road 
surface is not calculated, for example, when the ve- 
hicle is slaloming and the steering phases determined 
on the basis of the operating pressure and the operat- 
ing angle of steering wheel are opposite. As a result, 
there is no error in friction coefficient of road surface, 
and the detection accuracy is further increased. 

When the absolute value of change ratio of the 
calculated friction coefficient of road surface is higher 
than a predetermined value, it is desirable that the cal- 
culated friction coefficient of road surface should not 
be set as a new friction coefficient. This prevents a 
sudden change of the detected friction coefficient of 
road surface, thus providing a stable friction coeffi- 
cient of road surface. 

The apparatus for detecting a friction coefficient 
of the road surface is an apparatus for carrying out the 
above-described method. The apparatus has advan- 



tages similar to those of the detecting method. 

The second object of the present invention des- 
cribed above is achieved by a four-wheel steering 
method of vehicle according to the present invention, 
5 the four-wheel steering method comprising: 

a first step of detecting each of an operating 
angle of the steering wheel, a vehicle speed and an 
operating pressure of a hydraulic power steering unit 
for the front wheels, 

10 a second step of detecting a proper steering 

situation in which a condition of increase in the steer- 
ing angle of front wheels is satisfied during the operat- 
ing of steering wheel, 

a third step of calculating a friction coefficient 

is of the road surface on the basis of the data detected 
in the first step only when the proper steering situation 
is detected, and 

a fourth step of calculating an equiphase steer- 
ing angle of rear wheels to steer the rear wheels to the 

20 same direction as the steering direction of front 
wheels, on the basis of the rotating angle of steering 
wheel and the friction coefficient of road surface 
obtained in the third step, the equiphase steering 
angle of rear wheels calculated in the fourth step 

25 being increased by a predetermined increment as the 
friction coefficient of road surface calculated in the 
third step decreases. 

With the above-described four-wheel steering 
method, the friction coefficient of road surface can be 

30 detected accurately at the initial turning stage of ve- 
hicle, as with the above-described detecting method, 
so that the optimum equiphase steering angle of rear 
wheels can be calculated on the basis of the friction 
coefficient of road surface thus detected. 

35 With the four-wheel steering method according to 

the present invention, the turning ability of vehicle can 
be fully insured even when the friction coefficient of 
road surface is low, since the equiphase steering 
angle of rear wheels is increased with the decrease in 

40 friction coefficient of road surface. 

The increase in equiphase steering angle of rear 
wheels caused by a low friction coefficient of road sur- 
face should be preferably restricted with the increase 
in vehicle speed. This restriction permits the optimum 

45 correction of equiphase steering angle of rear wheels 
in accordance with the decrease in friction coefficient 
of road surface when the vehicle is running at either 
a medium or a high speed, resulting in higher steering 
stability of vehicle. 

so It is also preferable to calculate the steering angle 

of rear wheels by taking account of an opposite phase 
steering angle for steering the rear wheels in the 
direction opposite to the steering of front wheels in 
addition to the equiphase steering angle described 

55 above. This opposite phase steering angle is calcu- 
^ plated in accordance with the angular velocity of steer- 
ing wheel. In calculating the opposite phase steering 
angle, it is desirable that the opposite phase steering 
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angle be increased as the friction coefficient of road 
surface decreases. If the opposite phase steering 
angle is calculated in this way, the turning ability of ve- 
hicle front is further improved during the turning of ve- 
hicle even when the road surface has a low friction s 
coefficient. 

The four-wheel steering system of vehicle is a 
system for implementing the above-described steer- 
ing method, and has advantages similar to those of 
the four-wheel steering method. 10 

Other features and objects of the present inven- 
tion will become more apparent from the following 
description of preferred embodiments with reference 
to accompanying drawings. 

15 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic view of a four-wheel steering 
system according to the present invention; 
Fig. 2 is a block diagram showing a configuration 20 
of the controller in Fig. 1; 

Fig. 3 is a block diagram showing a detection cir- 
cuit for detecting road surface u in Fig. 2; 
Fig. 4 is a graph showing a relationship between 
the steering angle of front wheels and the operat- 25 
ing pressure of power steering unit for front 
wheels; 

Fig. 5 is a schematic view showing a cornering 
force occurring on the front wheels in relation to 
the slip angle of front wheels; 30 
Fig. 6 is a graph showing relationships between 
the cornering force and the slip angle of front 
wheels for road surfaces having a different friction 
coefficient; 

Figs. 7 and 8 are flowcharts showing a routine for 35 
calculating road surface \x ; 
Fig. 9 is a graph showing coefficient K p. as a func- 
tion of the vehicle speed; 

Fig. 10 is a block diagram showing the function of 
control circuit for a rear steering valve of Fig. 1; 40 
Fig. 11 is a graph showing an equiphase coeffi- 
cient for the steering angle of rear wheels as a 
function of the vehicle speed; function of the ve- 
hicle speed; 

Fig. 12 is a graph showing the opposite phase 45 
coefficient for the steering angle of rear wheels as 
a function of the vehicle speed; and 
Fig. 1 3 is a graph showing a difference in steering 
angle of rear wheels between on a high n road 
and on a low u. road. 50 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 



Referring to Fig. 1 , which schematically shows a 
four-wheel steering system of vehicle, the left front 
wheel FW t and the right front wheel FW R of the ve- 
hicle are steered by means of a power steering unit 1 . 



55 



More specifically, the power steering unit 1 is equip- 
ped with a front steering actuator 3 having a hydraulic 
cylinder, and both piston rods of the front steering 
actuator 3 are connected to the left front wheel FW L 
and the right front wheel FW R via a tie rod 2. 

The front steering actuator 3 incorporates a rack 
and pinion mechanism (not shown) which is connec- 
ted to a steering wheel 4, and its rack is formed as one 
piston rod of the front steering actuator 3. Therefore, 
when the steering wheel 4 is operated, the front steer- 
ing actuator 3 is driven via the rack and pinion 
mechanism. 

The front steering actuator 3 is in fluid communi- 
cation with a front steering valve 5. The front steering 
valve 5 is mechanically connected to the steering 
wheel 4 . Therefore, the front steering valve 5 can be 
operated by the steering wheel 4. 

The front steering valve 5 is connected to one 
hydraulic pump 7 in a pump unit 6. That is, the pump 
unit 6 has a pair of hydraulic pumps 7, 9 which are tan- 
dem connected with each other. These hydraulic 
pumps are driven by a vehicle engine 8. 

The other hydraulic pump 9 is connected to a rear 
steering actuator 1 1 via a rear steering valve 10. This 
rear steering actuator 1 1 includes a hydraulic cylinder 
similar to that in the above-mentioned front steering 
actuator 3. Both piston rods of the rear steering 
actuator 1 1 are connected to the left rear wheel RW L 
and the right rear wheel RW R via a tie rod 12. The suc- 
tion ports of hydraulic pumps 7, 9 are connected to a 
reservoir tank 14. 

When the steering wheel 4 is operated, the hyd- 
raulic fluid is fed from the hydraulic pump 7 to the front 
steering actuator 3 by the changeover of the front 
steering valve 5. As a result, the front steering 
actuator 3 operates in accordance with the rotational 
direction of steering wheel 4; thus, the front wheels 
FW are steered. 

When the front wheels FW are steered, the rear 
wheels RW can also be steered via the rear steering 
valve 10 and the rear steering actuator 11. Since the 
rear steering valve 10 is electrically connected to a 
controller 15 as shown in Fig. 1, the controller 15 sup- 
plies a control signal S R to the rear steering valve 10 
in accordance with the running condition of vehicle to 
control the changeover of the rear steering valve 10. 
As a result, the pressure and feeding direction of hyd- 
raulic fluid, which is fed from the hydraulic pump 9 to 
the rear steering actuator 11 via the rear steering 
valve 10, is controlled, and then the rear wheels RW L 
and RW R are steered. 

The controller 15 is also electrically connected to 
the front steering valve 5, so that the front steering 
valve 5 can receive a control signal S? from the con- 
troller 15. When the control signal S P is sent from the 
controller 15 to the front steering valve 5, trie front 
steering valve 5 controls the feed pressure of hyd- 
raulic fluid to the front steering actuator 3 so as to adv- 
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ance the steering phase of front wheels FW in relation 
to the operation of steering wheel 4. 

For the controller 15 to produce control signals 
S F , S R which are to be fed to the steering valves 5. 10, 
the controller 15 is electrically connected to various 5 
sensors and meters. The meters supply detection sig- 
nals indicating the operating conditions of various 
devices to the controller 15. 

The above-mentioned sensors include a vehicle 
speed sensor 26 for detecting the vehicle speed, a 10 
sensor 16 for detecting the operating angle 9 H of 
steering wheel 4, a sensor 17 for detecting the actual 
steering angle 8 r. of rear wheels RW, and a sensor 
for detecting the operating pressure of front steering 
actuator 3. Sensor signals from these sensors are fed 15 
to the controller 15. 

In this embodiment, the sensor for detecting the 
operating pressure of front steering actuator 3 
includes a pair of pressure sensors 18, 19. These 
pressure sensors 18, 19 detect the pressures in a 20 
right and left pressure chambers (not shown) in the 
front steering actuator 3. respectively, to send their 
sensor signals to the controller 15. The controller 15 
calculates the pressure difference between the two 
pressure chambers on the basis of the sensor signals 2s 
from a pair of pressure sensors 18, 19, and this press- 
ure difference is used as the operating pressure A P 
of front steering actuator 3. 

A typical internal circuit of controller 15 is shown 
in Fig. 2. The controller 15 has an input circuit 30 30 
which receives the sensor signals indicating the 
operating angle 9 H of steering wheel 4. the vehicle 
speed V, and the actual steering angle 8 Rm of rear 
wheels RW from the sensors 1 6, 26, 1 7, respectively, 
and an analog/digital (A/D) converter 31 which 35 
receives the sensor signals indicating the pressures 
p l» p r »n the pressure chambers of front steering 
actuator 3 detected by the pressure sensors 18, 19, 
respectively. The input circuit 30 is connected to a 
decision circuit 32, which selects one steering control 40 
mode of the vehicle from a number of modes on the 
basis of the data supplied through the input circuit 30, 
namely, the data indicating the operating angle 8 H . 
the vehicle speed V, and the actual steering angle 8 
Ra of rear wheels RW, and the detection data from the 45 
meters. These steering control modes include an 
interruption mode of the steering control, an-opposite 
phase steering mode of the rear wheels RW in which 
the rear wheels RW are steered in the opposite phase 
with the front wheels FW when the vehicle speed is so 
low and the operating angle 9 „ is large (for example, 
V =i 30km/h and 9 H = 230° ), and a phase control 
mode in which the steering phases of front and rear 
wheels are controlled when the vehicle speed is in the 
medium and high speed range (for example, V ^ 55 
40km/h). 

The input circuit 30 and the A/D converter 31 are 
connected to a detection circuit 33 for detecting the 



friction coefficient of road surface, namely the road 
surface n . The detection circuit 33, to which the data 
indicating the operating angle 9 H and the vehicle 
speed V are supplied from the input circuit 30 and the 
data indicating the pressures P L , P R are supplied from 
the A/D converter 31, determines the road surface u. 
by calculating it on the basis of these data. 

The decision circuit 32 and the detection circuit 
33 are connected to a control circuit 34 for the front 
and rear steering valves 5, 10. This control circuit 34 
receives the steering control mode selected by the 
decision circuit 32 and the data indicating the road 
surface \i determined by the detection circuit 33. As 
seen from Fig. 2, the control circuit 34 also receives 
the data indicating the operating angle 9 H . the vehicle 
speed V and the actual steering angle 8 Ra supplied 
from the input circuit 30. On the basis of these sup- 
plied data, the control circuit 34 produces the above- 
mentioned control signals S F , S R . These signals S F , 
S R are fed from the control circuit 34 to the front and 
rear steering valves 5, 10, respectively, via an output 
circuit 35. 

The specific procedure for calculating the road 
surface n in the detection circuit 33 is shown in the 
block diagram of Fig. 3. As seen from Figure 3, an 
arithmetic section 20 for road surface u. receives the 
operating pressure A P of front steering actuator 3, 
obtained from the pressures P L , P R detected by the 
pressure sensors 18, 19, the operating angle 9 „ 
detected by the sensor 16, and the vehicle speed V 
detected by the sensor 26. The operating pressure A 
P is calculated in a subtraction section 22 to which 
pressures P L , P R are supplied, and then sent to the 
arithmetic section 20 through a filter 21 for phase 
compensation. The filter 21 serves two functions; it 
not only removes noise of operating pressure A P but 
also compensates the advance of phase of operating 
pressure A P in relation to the operating angle 9 H at 
the transition stage for the operation of steering wheel 
4. At the start of the operation of steering wheel 4, the 
operating pressure A P of front steering actuator 3 
increases suddenly as shown by the solid line in Fig. 
4, and at the start of turning back of steering wheel 4, 
the operating pressure A P decreases suddenly. This 
means that a phase difference occurs in the change 
tendency of the operating angle 9 H and the operating 
pressure A P. However, the phase difference between 
the operating angle 9 H and the operating pressure A 
P is compensated in the filter 21 . so that the operating 
pressure A P increases and decreases with the 
change in the operating angle 9 H as shown by the bro- 
ken line in Fig. 4. 

The phase difference between the operating 
angle 8 H and the operating pressure A P is produced 
by the operating characteristics of front steering valve 
5 itsejf and the tire inertia effect. 

In the arithmetic section 20, the road surface n is 
calculated on the basis of the operating pressure A P, 
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the operating angle 0 H and the vehicle speed V. The 
principle of calculating the road surface \x will be exp- 
lained below by referring to Fig. 5. 

When the front wheels FW are steered, the cor- 
nering force C F of the right front wheel FW R is expres- 
sed by the following equation: 
C F a 0 f n 

where, p f is an inclination angle or a slip angle of right 
front wheel FW R in relation to the traveling direction of 
right front wheel FW R as shown in Fig. 5. 

As seen from the above equation, the cornering 
force C F is proportional to the product of slip angle p 
f and road surface u . Therefore, rf the road surface 
is different, that is, the condition of road surface is dif- 
ferent, the cornering force C F of front wheel differs 
greatly even if the slip angle 0 f is equal. Specifically, 
the cornering force C F of front wheel increases as the 
road surface n increases, in the range where the slip 
angle p f is large as shown in Fig. 6. In Figure 5, refer- 
ence symbol L denotes the line in parallel with the ve- 
hicle body axis, and reference symbol 5 F denotes the 
steering angle of right front wheel FW R , namely the 
front wheels FW. 

As seen from Fig. 5, considering the dynamic 
equilibrium condition, the cornering force Cf and the 
operating pressure A P of front steering actuator 3 are 
in a nearly proportional relationship. Therefore, using 
the operating pressure A P in place of the cornering 
force C Ff the above equation can be rewritten as fol- 
lows: 

AP = C, pf u (1) 
where, C 1 is a constant. 

The slip angle p f is expressed by the following 
equation as a function of vehicle speed V, operating 
angle 9 H . and road surface \i . 

pf - C 3 .V2.0„/(u +C2 V2) (2) 
where, and C 3 are constants. 

From Equations (1) and (2), the ratio of the 
operating pressure A P to the operating angle 9 Ht A 
PI G h. is expressed by the following equation: 

A P/0„ = u C, C 3 • V*/(u + - V2) (3) 

In the arithmetic section 20, therefore, the road 
surface u. is calculated from Equation (3) by putting 
the values of vehicle speed V, operating angle 6 H and 
operating pressure A P into Equation (3). 

The calculated road surface u is output through a 
limit section 23 and a stabilizing filter 24. The limit sec- 
tion 23 supplies the road surface \x as it is to the stabi- 
lizing filter 24 if the change rate of road surface \i 
supplied from the arithmetic section 20 is within the 
allowable range, but stops the output of road surface 
\i to the stabilizing filter if the change rate of road sur- 
face n is outside the above allowable range. The limit 
section 23 may output the road surface u obtained by 
limiting its change rate to the maximum or minimum 
value to the stabilizing filter 24 if the change rate of 
road surface \x is outside the above allowable range. 
The stabilizing filter 24 serves a function of stabilizing 
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and outputting the value of road surface n supplied 
from the limit section 23. 

The above-described calculating procedure for 
the road surface u shown by the block diagram in Fig. 
5 3 becomes apparent upon making reference to the 
calculation routine for road surface u shown by a flow- 
chart in Figs. 7 and 8. Therefore, the calculation 
routine will be explained below. 

10 Calculation routine for road surface u> 

First, in Step S1 in Fig. 7, the operating angle 0 
h, pressures P L , P R and vehicle speed V detected by 
the sensors 16, 18, 19 and 26, are read. 

15 Next, in Step S2, the pressure difference between 

the pressures P L and P R , namely the operating press- 
ure a P (= P R - P L ) of front steering actuator 3 is cal- 
culated. Then, the operating pressure A P is filtered 
in the above-mentioned filter 21 for phase compens- 

20 ation in Step S3. 

" In Step S4, a decision is made on whether the 
steering wheel 4 is being operated or held at a 
rotational angle position or not. This decision is made 
on the basis of the magnitude and change direction of 

25 operating angle G H of steering wheel 4. 

When the decision result in Step S4 is NO. 
namely when the steering wheel 4 is turned back, the 
flow returns to Step S1 and the above steps are 
repeated as shown in the flowchart of Fig. 8. 

30 When the decision result in Step S4 is YES, 

namely when the steering wheel 4 is turned or held at 
a rotational angle position, the flow proceeds to Step 
S5. 

In Step S5, a decision is made on whether the 
35 absolute value of the operating angle 9 H of steering 
wheel 4 is not lower than a predetermined positive 
value 9 i (for example, 10° ) or not When the decision 
result in this step is NO, namely the absolute value of 
the operating angle 6 h is smaller than the positive 
40 value 0 1f it is decided that the steering wheel 4 has 
not yet been turned, and the flow returns from Step S5 
to Step S1 so that the steps are repeated from the 
beginning. 

When the decision result in Step S5 is YES, 
45 namely the absolute value of the operating angle 9 H 
is not lower than the positive value 0 the flow pro- 
ceeds to Step S6, where the ratio of the operating 
pressure A P to the operating angle 0 H , A P/ 9 M , is cal- 
culated. 

so Then, the flow goes from Step S6 to Step S7 in 

Fig. 8, in which another decision is made. In this step, 
a decision is made on whether the direction in which 
the front wheels FW are steered by the front steering 
actuator 3 on the basis of the operating pressure A P 

55 is in agreement with the direction in which the front 
wheels FW are steered on the basis of the operating 
angle 9 H of steering wheel 4, in other words, whether 
the sign of A PI 9 H is plus or not When the decision 

7 
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result is NO, it is determined that the vehicle is slalom- 
ing and the steering wheel 4 is being operated by 
repeating turning and back turning, or that the phase 
of change of operating pressure A P is opposite to that 
of the operating angle 9 „ in spite of the filtering in Step 
S3. In this case, the flow returns from Step S7 to Step 
S1 so that the steps are repeated from the beginning. 

When the decision result in Step S7 is YES, the 
flow goes to Step S8, in which a coefficient K u used 
for calculating the road surface » is determined. 
Specifically, the coefficient K u, is read from a map that 
represents the coefficient K n as a function of the ve- 
hicle speed V as shown in Fig. 9. This map has been 
stored in advance in memory (not shown) in the detec- 
tion circuit 33 in Fig. 2. 

The coefficient K u. is equivalent to the equation 
in brackets [ ] in the following equation, which is 
obtained by rewriting Equation (3). 

H = [1 + C2 - V 2 /^ • C 3 • V*) ] . A P/ 6 h (4) 
Therefore, the coefficient K u. can be expressed 
by the following equation: 

Ku = 1 + Ca . V2/(C 1 • C 3 V 2 ) (5) 
Therefore, the map in Fig. 9 can be represented 
as a function of the vehicle speed V as seen from 
Equation (5). 

In Step S9 t the value of coefficient K u, read in 
Step S8 is multiplied by the value of A P/ 8 H deter- 
mined in Step S7 in Fig. 7 to calculate the road surface 
ji . That is, the road surface u. can be calculated by 
putting the value of A PI 8 H and the value of vehicle 
speed V into Equation (4). 

In Step S10, a decision is made on whether the 
absolute value of change rate for the calculated road 
surface n , namely the absolute value of the differen- 
tiation result of road surface [i(=d^i /dt) is within a 
predetermined value A \x (for example, 0.2 \i /sec) or 
not. When the decision result is NO, the flow returns 
to Step S1 . On the other hand, when the result is YES, 
filtering is carried out to stabilize the value of the cal- 
culated road surface u, in Step S1 1 , and then the road 
surface \i is finally output in Step S12. 

According to the above-described embodiment, 
the road surface ji is detected each time the steering 
wheel 4 is operated on running the vehicle. Therefore, 
the steering angle 8 R of rear wheels RW can be con- 
trolled on the basis of the latest value of road surface 
H . Even if the road surface condition changes, the 
road surface p. is detected at the time when the steer- 
ing wheel 4 is operated, so that the optimum steering 
control of rear wheels RW is performed in accordance 
with the road surface condition, namely the road sur- 
face u , resulting in some improvement in steering 
stability of the vehicle. 

Since the operating pressure A P of front steering 
actuator 3 is calculated on the basis of the sensor sig- 
nals sent from the pressure sensors 18 and 19, and 
then filtered for phase compensation, the advance of 
phase of the operating pressure A P in relation to the 



steering angle 8 „ can be prevented at the operating 
transition stage of the steering wheel 4. 

In calculating the road surface n , an exact value 
of road surface n can be obtained since the road sur- 
5 face p is calculated in Step S9 only when all the deci- 
sion results in Steps S4, S5 and S7 are YES. The YES 
decision results in Steps S4 and S5 mean that the 
steering wheel 4 is operated so that the absolute 
value of operating angle 8 H of the steering wheel 4 is 
10 not smaller than the specified value 8 , or the steering 
wheel 4 is held at a predetermined rotational angle 
position. In this case, since the front wheels FW are 
steered by the front steering actuator 3. the operating 
pressure A P of the front steering actuator 3 is in the 
15 condition of actual increase. As a result, the road sur- 
face n can be exactly calculated on the basis of the 
operating pressure A P. The YES decision result in 
Step S7 means that the steering direction of front 
wheels FW on the basis of the operating pressure A 
20 P is in agreement with the steering direction of front 
wheels FW on the basis of the operating angle 8 H - 
Therefore, the road surface n can be calculated by 
precluding the adverse effects of the characteristics of 
front steering valve 5 and the inertia of front wheel FW 
25 tires. This also improves the accuracy of the calcu- 
lated value of road surface n . 

When either of decision results in Steps S4, S5 or 
S7 is NO, a new road surface \i is not calculated since 
Step S8 and the subsequent steps are not performed. 
30 In this case, the previously calculated value is kept. 

Further, according to the above-described embo- 
diment, even when the road surface u. is calculated in 
Step S9, this calculated road surface u, is not 
immediately output, but is output through the execu- 
35 tions in Steps S10 and S11. The execution in Step 
S10 means that the value of calculated road surface 
u. is changed into a new value only when the absolute 
value of road surface u is within the specified value A 
*i . Furthermore, since the road surface u, is finally out- 
40 put through the filtering operation for stabilization, a 
sudden change in the value of road surface does not 
occur, and a stabilized output value of road surface \x 
is produced. 

The road surface u. calculated by the above-des- 
45 cribed routine is supplied from the detection circuit 31 
to the control circuit 34 for controlling the steering val- 
ves. In this control circuit 34, the steering angle 6 R of 
rear wheels RW is calculated from the road surface u, , 
the operating angle 8 H and the vehicle speed V as 
so described above. The procedure for calculating the 
steering angle 8 R in the control circuit 34 is shown by 
the block diagram in Fig. 10. 

For explanation by referring to the block diagram 
in Fig. 10, it is assumed that the phase control mode 
55 has been selected in the decision circuit 32 in Fig. 2. 
This block diagram, being for calculating the steering 
angle 6 R of rear wheels RW, does not indicate the 
control for advancing the steering phase of front 
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wheels FW in relation to the operating angle G „ of 
steering wheel 4. 

First, the operating angle 9 H of steering wheel 4 
is supplied to an amplification section 40, where a 
steering angle 5 t of the rear wheels RW is calculated 5 
by multiplying the operating angle G H by (K,/ p ). This 
steering angle 5 ^ represents the steering amount for 
steering the rear wheels RW to the same direction as 
the steering direction of front wheels FW, namely in 
the same phase. K t is the so-called equiphase coef- 10 
ficient, and p is the steering gear ratio. 

The operating angle 9 H is also supplied to a dif- 
ferentiation section 41, where the angular velocity A 
9 H of steering wheel 4 is calculated. Then, the calcu- 
lated angular velocity A 9 H is multiplied by (Kj/ p ), so 1 s 
that a steering angle 5 2 of rear wheels RW is calcu- 
lated, in another amplification section 42. The steer- 
ing angle 5 2 represents the steering amount for 
steering the rear wheels RW in the direction opposite 
to the steering direction of front wheels FW, namely 20 
in the opposite phase. Therefore, K 2 represents the 
opposite phase coefficient 

The steering angle 5 2 of opposite phase is then 
supplied to a limit section 43. This limit section 43 out- 
puts the steering angle 5 2 when the absolute value of 2s 
steering angle 5 2 is not smaller than a predetermined 
value (for example, 0.03° ), but it sets the steering 
angle 5 2 at 0° and outputs it when the absolute value 
of steering angle 5 2 is smaller than the predetermined 
value. 30 

The steering angles 6 , , 5 2 of rear wheels RW cal- 
culated in the multiplication section 40 and the limit 
section 43 are supplied to a subtraction section 44, 
where the steering angle 6 R of rear wheels RW is cal- 
culated by subtracting the steering angle 5 2 from the 35 
steering angle 5 t . 

Summarization of the above-described calcu- 
lation procedure for the steering angle 5 R of rear 
wheels RW, namely the calculation procedure carried 
out in sections 40 through 42, gives the following 40 
equation: 

5r = 5,-52 = 9 M (K 1 /p)-Ae H (K 2 /p) (6) 
Then, in the control circuit 34 of Fig. 2, the differ- 
ence between the steering angle 5 R calculated as 
described above and the actual steering angle 5 of 45 
rear wheels RW is calculated. The control signal S R 
based on this difference is sent from the control circuit 
34 to the rear steering valve 10 via the output circuit 
35. When the rear steering valve 10 receives the con- 
trol signal S R , the rear steering valve 10 controls the so 
operating pressure supplied to the rear steering 
actuator 11 and the supply direction of the operating 
pressure. Thus, the rear steering actuator 1 1 operates 
to match the actual steering angle 6 ^ of rear wheels 
RW to the steering angle 5 R . 55 

The above-mentioned equiphase coefficient K, 
and opposite phase coefficient K 2 are usually deter- 
mined on the basis of the vehicle speed V. In this 



embodiment, however, the equiphase coefficient K, 
and opposite phase coefficient K 2 are determined by 
considering the detected road surface p. in addition to 
the vehicle speed V. 

As seen from Fig. 10, the detected road surface 
u is supplied to an arithmetic section 45, to which the 
vehicle speed V is also supplied after being filtered in 
a filter section 46. In the arithmetic section 45, the cor- 
rected vehicle speed V is calculated by the following 
equation: 

V = V * (1-u)-K v (7) 
where, K v is a standard value for correcting the ve- 
hicle speed V, which is set at 20km/h, for example 

The corrected vehicle speed V calculated by 
Equation (7) is supplied to another arithmetic section 
47, where the equiphase coefficient is calculated 
from the corrected vehicle speed V. Specifically, in 
this embodiment the equiphase coefficient can be 
determined as a function of the corrected vehicle 
speed V as indicated by the solid line in Fig. 11. 

As shown by the solid line in Fig. 1 1, the equiph- 
ase coefficient begins increasing as the corrected 
vehicle speed V increases from the medium speed 
range (for example, about 60km/h), and levels off 
when the corrected vehicle speed V reaches the high 
speed range. 

The solid line in Fig. 1 1 indicates the feature of the 
equiphase coefficient K, for high road surface u, , 
namely in the case where the road surface has a high 
*i value. The solid line map in Fig. 1 1 is stored in adv- 
ance in memory (not shown) in the control circuit 34 
in Fig. 2. 

As seen from the above equation for calculating 
the corrected vehicle speed V and the map in Fig. 1 1 , 
the value of the second term of the equation (7), (1 -n ) 
* K v , increases as the value of road surface u. dec- 
reases. Therefore, the corrected vehicle speed V is 
further higher than the actual vehicle speed V as the 
road surface u. decreases. This means that in Fig. 1 1 , 
the characteristic curve indicated by the solid line 
shifts to the left in the direction of the horizontal axis 
of the figure as shown by the broken line as the road 
surface ^ decreases. As a result, when the road sur- 
face u. is low and the vehicle speed is in the medium 
speed range, the equiphase coefficient K, is 
increased in accordance with the decrease in road 
surface \x . The equiphase coefficient K, determined 
this way in the arithmetic section 47 is supplied to the 
above-mentioned amplification section 40 and used 
in calculating the steering angle 5 t . 

The vehicle speed V is also supplied to an 
arithmetic section 48 after being filtered in the filter 
section 46. In the arithmetic section 48, the opposite 
phase coefficient K 2 is calculated. Specifically, the 
opposite phase coefficient K 2 is determined from the 
vehicle speed V in accordance with the map in Fig. 1 2. 
As seen from the solid line in Fig. 12, the opposite 
phase coefficient K 2 reaches its maximum value when 
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the vehicle speed V is in a relatively low speed range, 
for example, the vehicie speed V is about 30km/h, and 
decreases when the vehicle speed V decreases or 
increases from the speed of about 30km/h. The solid 
line in Fig. 12. like that in Fig. 11, indicates the feature 5 
for high road surface \i . The map in Fig. 12 is also 
stored in memory in the control circuit 34 in Fig. 2. 

The opposite phase coefficient K 2 determined in 
the arithmetic section 48 is then supplied to an 
arithmetic section 49, where the opposite phase coef- 10 
ficient K 2 is corrected. Specifically, the opposite 
phase coefficient K 2 is corrected on the basis of the 
road surface \i by using the following equation: 

K 2 = K 2 (a - b - ii ) (8) 
where, a and b are constants. 15 

As shown by Equation (8), when the road surface 
u. decreases, the opposite phase coefficient K 2 is 
increased in accordance with the decrease in road 
surface u. . This means that the feature shown by the 
solid line changes into the feature shown by the bro- 20 
ken line in Fig. 12. 

The opposite phase coefficient K 2 corrected in the 
arithmetic section 49 is supplied to the above-men- 
tioned amplification section 42 and used for calculat- 
ing the opposite phase steering angle 5 2 . 25 

As described above, if the vehicle speed V is cor- 
rected in accordance with the value of road surface 
the corrected vehicle speed V" calculated by Equation 
(7) increases when the road surface n is low. Thus, 
the equiphase coefficient K, increases when the road 30 
surface u, is low and the vehicle speed V is in the 
medium speed range, namely when the vehicle is run- 
ning at a speed in the medium speed range on a road 
with a low u, as shown by the broken line in Fig. 1 1. In 
this case, the equiphase steering angle 5 , of rear 35 
wheels RW increases, therefore, the amount of steer- 
ing to the equiphase side, contained in the steering 
angle S R of rear wheels RW in relation to the steering 
of front wheels FW, increases as shown in Equation 
(6). Consequently, when the front wheels FW are 40 
steered on running at a speed in the medium speed 
range on a road with a low \i , the amount of steering 
of the rear wheels RW in the equiphase with the front 
wheels FW increases, so that the spinning of vehicle 
is effectively prevented and the steering stability of ve- 45 
hide is improved. 

When the vehicle speed V is in the high speed 
range, the equiphase coefficient K % is not increased 
even when the road surface n is low and the corrected 
vehicle speed V increases in accordance with 50 
Equation (7). as seen from the above explanation. 
Therefore, the amount of steering of the rear wheels 
RW in the equiphase with the front wheels FW does 
not further increase when the front wheels FW is 
steered. This means that the amount of steering of the 55 
rear wheels RW in the equiphase does not increase 
when the front wheels FW is steered, even if the cor- 
rected vehicle speed V is in the high speed range in 



the condition where it has been decided that the road 
has a low n though it has really a high u due to an error 
in detecting the road surface u . Consequently, unde- 
sirable and excessive steering of the rear wheels RW 
in the equiphase with the front wheels FW is preven- 
ted in the above-described condition, providing fail- 
safe steering. 

The opposite phase coefficient K 2 is corrected so 
as to be increased as shown by the broken line in Fig. 
12 and as seen from Equation (8) when the vehicle 
speed V is in a relatively low speed range and the road 
surface ^ is low. In this case, the opposite phase 
steering angle 5 2 in Equation (6), namely the amount 
of steering of the rear wheels RW in the direction 
opposite to the steering direction of front wheels FW 
increases when the change rate of operating angle 0 
h a* the steering wheel 4, namely the angular velocity 
A 9 H is increased by the relatively rapid operation of 
steering wheel 4. This means that in the change 
characteristics of steering angle 5 R of the rear wheels 
RW shown in Fig. 13, the amount of instantaneous 
steering of rear wheels RW in the opposite phase in 
the area encircled by the alternate long and two short 
dashes line increases. Consequently, when the steer- 
ing wheel 4 is operated while the vehicle is running at 
a relatively low speed on a road with a low p. , the turn- 
ing ability of the vehicle is improved, assuring high 
steering stability on roads with a low u, . 

The above-described steering control method for 
the rear wheels, needless to say, improves the delay 
in response to the lateral acceleration and yawing act- 
ing on the vehicie in relation to the operation of steer- 
ing wheel 4. 

The control for advancing the phase of steering 
angle 5 F of the front wheels FW in relation to the 
operating angle 0 „ of steering wheel 4 will be briefly 
explained below. This control is to increase the steer- 
ing angle S F of front wheels FW in accordance with 
the angular velocity A 9 H of steering wheel 4. To do 
this, the steering angle 6 F of the front wheels FW is 
calculated by adding A 9 „ K^f p to the value obtained 
from the operating angle 9 „ of steering wheel 4, and 
the control signal S F on the basis of the calculated 
steering angle 6 F is fed to the front steering valve 5. 

K 3 is a coefficient for advancing the phase. It 
varies with the vehicle speed V, like the opposite 
phase coefficient K 2 in Fig. 12. and also varies with 
the value of road surface \x. . like the opposite phase 
coefficient K 2 . If the phase of steering angle 5 F of the 
front wheels FW is advanced in the above-described 
manner, the response to yawing acting on the vehicle 
body while the vehicle is turning can be further 
improved. 

This invention is not limited to the abovedes- 
cribed embodiment, but can be carried out in many 
variations. For example, though the operating press- 
ure A P of front steering actuator 3 is calculated from 
the sensor signals from a pair of pressure sensors 18 
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and 19 in the above-described embodiment, the 
operating pressure A P can be determined by a single 
pressure sensor in place of the pressure sensors 18 
and 1 9. In this case, a pressure sensor 25 is disposed 
near the discharge port of hydraulic pump 7 as shown 5 
in Fig. 1. The pressure sensor 25 detects the dis- 
charge pressure of hydraulic pump 7. The discharge 
pressure P s of hydraulic pump 7 is supplied to the filter 
21 for phase compensation as shown in the block 
diagram in Fig. 3, In Step S1 in Fig. 7, the discharge 10 
pressure P s is read in place of the pressures P L and 
P R , and Step S7 in the flowchart in Fig. 8 is bypassed 
as shown by the broken line. 

In the flowchart in Fig. 7, Step S4 may decide on 
only whether the steering wheel 4 is operated or not. 15 
In this case, the road surface u is not calculated when 
the steering wheel 4 is held at the specified rotational 
position or it is turned back. 

Although the coefficients K lt K 2 and K 3 are correc- 
ted so as to be increased as the road surface u. dec- 20 
reases, they may be corrected so that only the 
equiphase coefficient is increased with decreasing 
road surface u . In carrying out this invention, the 
above-described control for advancing the steering 
phase of front wheels FW is not necessarily needed. 25 

It is to be understood that the present invention is 
not limited to the above-described embodiments, and 
that various changes and modifications may be made 
in the invention without departing from the spirit and 
the scope of the invention as hereinafter claimed. 30 



Claims 

1. A method for detecting a friction coefficient of 35 
road surface on which a vehicle runs, the vehicle 
having front wheels (FW), a steering wheel (4), 
and a hydraulic power steering unit (1) disposed 
between the front wheels and the steering wheel, 
the hydraulic power steering unit assisting the 40 
steering wheel in steering the front wheel, and the 
method comprising a detection step of detecting 
an operating angle (0 H ) of the steering wheel and 
a vehicle speed (V), and a calculation step of cal- 
culating a friction coefficient (p. ) of the road sur- 45 
face on the basis of the detected operating angle 
and the vehicle speed, 

characterized in that 

said calculation step includes; 

a first step of detecting an operating press- so 
ure (A P) of the hydraulic power steering unit; 

a second step of detecting a proper steer- 
ing situation in which a condition of increase in the 
steering angle of the front wheels is satisfied 
when the steering wheel is operated; and 55 

a third step of calculating the friction coef- 
ficient of the road surface on the basis of the data 
detected in said first step only when the proper 



steering situation is detected, the friction coeffi- 
cient of the road surface being calculated by 
using relationships of three conditions; 

(a) a slip angle (p f) of the front wheels is deter- 
mined in accordance with the operating angle 
of the steering wheel, the vehicle speed and 
the friction coefficient of the road surface, 

(b) a cornering force (C F ) of the front wheels 
is determined in accordance with the slip 
angle and the friction coefficient of the road 
surface, and 

(c) the cornering force is proportional to the 
operating pressure of the hydraulic power 
steering unit. 

2. The method according to claim 1, characterized 
in that said second step, when a condition that the 
absolute value of the operating angle of the steer- 
ing wheel is not smaller than a predetermined 
value (9 ,) is satisfied in addition to said condition, 
this situation is detected as the proper steering 
situation. 

3. The method according to claim 1, characterized 
in that said first step includes a filtering process 
(21) for compensating a phase advance of the 
operating pressure in relation to the operating 
angle of the steering wheel. 

4. The method according to claim 1, characterized 
in that the hydraulic power steering unit has right 
and left pressure chambers, and a pressure dif- 
ference (A P) between the right and left pressure 
chambers is detected as the operating pressure 
of the hydraulic power steering unit. 

5. The method according to claim 4, characterized 
in that in said second step, when a condition that 
a steering direction of the front wheels on the 
basis of a direction in which the operating press- 
ure occurs is in agreement with a steering direc- 
tion of the front wheels on the basis of the 
operating angle of the steering wheel is satisfied 
in addition to said condition, this situation is 
detected as the proper steering situation. 

6. The method according to claim 1, characterized 
in that in said third step, when the operating angle 
of the steering wheel obtained in said first step is 
denoted by 0 H . the vehicle speed by V and the 
operating pressure of the hydraulic power steer- 
ing unit by A P, the friction coefficient u. of the road 
surface is expressed as 

n = Ku.-AP/e H 

where, K u is a coefficient expressed as 
K u, = 1 + C 2 - V2/(C, • C 2 • V 2 ) 
where. C t , C 2 and C 3 are constants. 
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7. The method according to claim 1 , characterized 
in that the method further includes a fourth step 
executed after said third step, and said first 
through fourth steps are executed repeatedly, 
said fourth step including a process of calculating 5 
a change rate (d u. /dt) of the friction coefficient of 

the road surface on the basis of the friction coef- 
ficient determined in said third step, and a pro- 
cess of outputting the friction coefficient of the 
road surface calculated in the last third step as it w 
is when the absolute value of the calculated 
change rate of the friction coefficient is not larger 
than a predetermined value, and keeping and out- 
putting the friction coefficient of the road surface 
calculated in the previous third step when the 15 
absolute value of it is larger than the predeter- 
mined value. 

8. The method according to claim 1. characterized 

in that the method further includes a fifth step, in 20 
which filtering (24) is performed to stabilize the 
calculated friction coefficient of the road surface. 

9. The method according to claim 1, characterized 

in that the hydraulic power steering unit includes 25 
a steering actuator (3) disposed between the front 
wheels and the steering wheel, a hydraulic pump 
(7) for supplying hydraulic fluid to the steering 
actuator and a front steering valve (5) disposed 
between the hydraulic pump and the steering 30 
actuator for controlling a flow direction of the hyd- 
raulic fluid from the hydraulic pump to the steering 
actuator, and in said first step, the operating 
pressure of the hydraulic power steering unit is 
detected on the basis of the fluid pressure be- 35 
tween the front steering valve and the hydraulic 
pump. 

10. The method according to claim 1, characterized 

in that in said second step, when either said con- 40 
dition or a condition that the steering wheel is held 
at an angular position beyond a predetermined 
angular position is satisfied, this situation is 
detected as the proper steering situation. 

45 

11. An apparatus for detecting a friction coefficient of 
a road surface on which the vehicle is running, the 
vehicle having front wheels (FW), a steering 
wheel (4), and a hydraulic power steering unit (1 ) 
disposed between the front wheels and the steer- so 
ing wheel, the hydraulic power steering unit 
assisting the steering wheel in steering the front 
wheels, and the apparatus comprising means 

(16) for detecting an operating angle (9 H ) of the 
steering wheel, means (26) for detecting a vehicle 55 
speed (V), and means (15) for obtaining the fric- 
tion coefficient (u. ) of the road surface on the 
basis of the operating angle of steering wheel and 
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vehicle speed detected by the said means, 
characterized in that 

said means (15) comprises means (18,19) 
for detecting an operating pressure (A P) of the 
power steering unit as a factor in proportion to a 
cornering force of the front wheels and calculation 
means for calculating the friction coefficient of the 
road surface on the basis of the operating angle 
of the steering wheel, the vehicle speed and the 
operating pressure detected by said means, 

said calculation means including means 
for detecting a proper steering situation in which 
a condition of increase in the steering angle of the 
front wheels is satisfied when the steering wheel 
is operated, and means for calculating the friction 
coefficient of the road surface by using relation- 
ships of three conditions; 

(a) a slip angle (p f) of the front wheels is deter- 
mined in accordance with the operating angle 
of the steering wheel, the vehicle speed and 
the friction coefficient of the road surface, 

(b) a cornering force (C F ) of the front wheels 
is determined in accordance with the slip 
angle and the friction coefficient of the road 
surface, and 

(c) the cornering force is proportional to the 
operating pressure of the hydraulic power 
steering unit 

12. A four-wheel steering method of a vehicle, the ve- 
hicle having a steering wheel (4), front wheels 
(FW) steered by the steering wheel, a hydraulic 
power steering unit (1) disposed between the 
front wheels and the steering wheel, the hydraulic 
power steering unit assisting the steering wheel in 
steering the front wheels, and rear wheels (RW) 
which can be steered in accordance with the 
steering of the front wheels, and said method 
comprising a step of detecting an operating angle 
(9 h) of the steering wheel and a speed (V) of the 
vehicle and a calculation step of calculating a 
steering angle (8 *) of the rear wheels on the basis 
of the detected operating angle and vehicle 
speed, 

characterized in that 

said calculation step comprises a first step 
of detecting an operating pressure (A P) of the 
hydraulic power steering unit, a second step of 
detecting a proper steering situation in which a 
condition of increase in the steering angle of the 
front wheels is satisfied when the steering wheel 
is operated, a third step of calculating a friction 
coefficient (u ) of the road surface on the basis of 
the data detected in said first step only when the 
proper steering situation is detected, and a fourth 
step of calculating an equiphase steering angle (5 
t) of the rear wheels for steering the rear wheels 
in the same direction as the steering direction of 
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the front wheels on the basis of the operating 
angle of the steering wheel and the friction coef- 
ficient of the road surface determined in said third 
step when the front wheels are steered, the 
equiphase steering angle of the rear wheels cal- 5 
culated in said fourth step being increased by a 
* predetermined amount as the friction coefficient 
of the road surface calculated in said third step 
decreases. 

10 

13. The method according to claim 12, characterized 
in that in said fourth step, a increasing amount of 
the equiphase steering angle of the rear wheels 
is decreased with increasing vehicle speed. 

15 

14. The method according to claim 13, characterized 
in that said fourth step includes a process for 
preparing a map for reading the equiphase steer- 
ing angle of the rear wheels, the map indicating 

an equiphase coefficient (K^ in accordance with 20 
the vehicle speed, and the equiphase coefficient 
increasing from zero as the vehicle speed 
increases from a predetermined speed and level- 
ing off at a predetermined value, and wherein said 
fourth step further includes a process of correct- 25 
ing the vehicle speed used forreading the equiph- 
ase coefficient so that the vehicle speed 
increases with the decrease in the calculated fric- 
tion coefficient of the road surface, and a process 
of multiplying the operating angle of the steering 30 
wheel by the equiphase coefficient read from the 
map in accordance with the corrected vehicle 
speed and then calculating the equiphase steer- 
ing angle of the rear wheels from the multipli- 
cation result. 35 

15. The method according to claim 12, characterized 
in that said fourth step includes a first process of 
calculating an opposite phase steering angle (5 2 ) 

of the rear wheels in the direction opposite to the 40 
steering direction of the front wheel on the basis 
of an angular velocity (A H ) obtained from the 
operating angle of the steering wheel and the fric- 
tion coefficient of the road surface, the opposite 
phase steering angle thus calculated being 45 
increased with the decrease in friction coefficient 
of the road surface, and a second process of fin- 
ally calculating the steering angle of the rear 
wheels by adding the opposite phase steering 
angle to the equiphase steering angle of the rear 50 
wheels. 

16. The method according to claim 15, characterized 
in that said fourth step further includes a third pro- 
cess executed between the first and second pro- 55 
cesses, and in the third process, the opposite 
phase steering angle is set at zero when the cal- 
culated opposite phase steering angle does not 



reach a predetermined value. 

17. The method according to claim 15, characterized 
in that the first process is a process for preparing 
a map for reading the opposite phase steering 
angle of the rear wheels, the map indicating an 
opposite phase coefficient (K2) in accordance 
with the vehicle speed, the opposite phase coef- 
ficient being increased gradually and then dec- 
reased gradually as the vehicle speed increases, 
and wherein the first process further includes a 
process of correcting the opposite phase coeffi- 
cient so that it increases with the decrease in the 
calculated friction coefficient of the road surface, 
and a process of calculating the opposite phase 
steering angle of the rear wheels on the basis of 
the angular velocity of the steering wheel and the 
corrected opposite phase coefficient. 

18. The method according to claim 15, characterized 
in that the method further includes a process of 
increasing the steering angle of the rear wheels 
by a predetermined amount in accordance with 
the angular velocity of the steering wheel, the pre- 
determined amount is increased with the dec- 
rease in the calculated friction coefficient of the 
road surface. 

19. A four-wheel steering system of a vehicle having 
front and rear wheels, comprising a steering 
wheel (4) for steering the front wheels, a hydraulic 
power steering unit (1) disposed between the 
front wheels and the steering wheel, means (16) 
for detecting an operating angle (8 H ) of the steer- 
ing wheel, means for detecting a vehicle speed 
(V), and rear steering means for steering the rear 
wheels in accordance with the operating angle of 
the steering wheel when the front wheels are 
steered, 

characterized in that the system further 
includes means (1 8,19) for detecting an operating 
pressure of the hydraulic power steering unit, and 
said rear steering means includes means for 
determining an equiphase steering angle (6 i) of 
the rear wheels to steering the rear wheels in the 
same direction as the steering direction of the 
front wheels on the basis of the operating angle 
of the steering wheel when the steering wheel is 
operated, means for deciding on whether a con- 
dition that the steering wheel is being operated 
and the steering angle of the front wheels are 
increasing is satisfied or not, on the basis of the 
detected operating angle of the steering wheel, a 
means for calculating a friction coefficient (n ) of 
the road surface on the basis of the detected 
operating angle of the steering wheel, the vehicle 
speed, and the operating pressure only when 
said condition is satisfied, and means for correct- 
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ing the equiphase steering angle of the rear wheel 
so that it increases as the calculated friction coef- 
ficient of road surface decreases. 
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angle of the rear wheels as the friction coeffi- 
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